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Stereotactic Radiosurgery for Benign (World Health
Organization Grade I) Cavernous Sinus
Meningiomas—International Stereotactic
Radiosurgery Society (ISRS) Practice Guideline: A
Systematic Review
BACKGROUND: Stereotactic radiosurgery (SRS) has become popular as a standard
treatment for cavernous sinus (CS) meningiomas.
OBJECTIVE: To summarize the published literature specific to the treatment of CS meningioma with SRS found through a systematic review, and to create recommendations on
behalf of the International Stereotactic Radiosurgery Society.
METHODS: Articles published from January 1963 to December 2014 were systemically
reviewed. Three electronic databases, PubMed, EMBASE, and The Cochrane Central
Register of Controlled Trials, were searched. Publications in English with at least 10 patients
(each arm) were included.
RESULTS: Of 569 screened abstracts, a total of 49 full-text articles were included in the
analysis. All studies were retrospective. Most of the reports had favorable outcomes with
5-yr progression-free survival (PFS) rates ranging from 86% to 99%, and 10-yr PFS rates
ranging from 69% to 97%. The post-SRS neurological preservation rate ranged from 80%
to 100%. Resection can be considered for the treatment of larger (>3 cm in diameter) and
symptomatic CS meningioma in patients both receptive to and medically eligible for open
surgery. Adjuvant or salvage SRS for residual or recurrent tumor can be utilized depending
on factors such as tumor volume and proximity to adjacent critical organs at risk.
CONCLUSION: The literature is limited to level III evidence with respect to outcomes of
SRS in patients with CS meningioma. Based on the observed results, SRS offers a favorable
benefit to risk profile for patients with CS meningioma.
KEY WORDS: Cavernous sinus, Meningioma, Stereotactic radiosurgery, Systematic review, Practice guidelines
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lthough most meningiomas are benign
lesions, classified as World Health
Organization (WHO) grade I tumors,
their recurrence rates differ based on anatomic
location. Meningiomas that invade the medial
sphenoid wing, clinoidal region, and cavernous
ABBREVIATIONS: CS, cavernous sinus; GK, Gamma
Knife; ICA, internal carotid artery; IMRT, intensitymodulated radiation therapy; ISRS, International
Stereotactic Radiosurgery Society; LINAC, linear
accelerator; MRI, magnetic resonance imaging; PFS,
progression-free survival; SRS, stereotactic radiosurgery; SRT, stereotactic radiotherapy; WHO, World
Health Organization
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sinus (CS) have a relatively higher recurrence
rate.1 The natural history of CS meningiomas
is, however, not fully defined, but early and late
tumor progression along with accompanying
morbidity is not infrequent.1 To decrease the
recurrence rate, aggressive and radical surgical
removal has become a principle of CS meningioma surgery.2,3 However, surgery for tumors
in this location is associated with a relatively
high incidence of cranial nerve morbidity.
In 1993, Duma reported the first series
of patients with CS meningioma treated with
stereotactic radiosurgery (SRS).4 In the following
years, several SRS studies on CS meningioma
were reported.5-10 Although debate continues
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Cochrane Central Register of Controlled Trials. The policy for searching
these electronic databases was constructed by the evidence-based clinical
practice guideline taskforce members, and the authors used previously
published search strategies to identify relevant studies. Figure 1 demonstrated the process of the selection via criteria set listed above.
Of 569 screened publications, the search resulted in 120 articles, 71
were excluded based on the inclusion and exclusion criteria mentioned
above. The remaining 49 articles included Gamma Knife (GK; Elekta
AB, Stockholm, Sweden) SRS series (n = 32), linear accelerator (LINAC)
SRS series (n = 6), a proton series (n = 1), SRT series (n = 8), and
comparison between GK SRS and SRT (n = 2).

on the optimal management of meningioma involving the CS,
SRS has gradually become accepted as a standard treatment for
CS meningiomas typically less than 3 cm diameter. More recently,
the combination of microsurgery and SRS has been adopted in
several centers as a means to reduce the morbidity of surgery while
achieving the goals of decompression and tumor debulking for
large meningiomas in critical locations, including the CS.5,10,11
Fractionated stereotactic radiation, delivered over 25 to 30 treatments, has also been a long standing therapy for patients with CS
meningioma, especially those that are large, adjacent to critical
structures and nonoperable. The focus of this review is on singlefraction SRS; however, discussion of stereotactic radiotherapy
(SRT) will be provided as comparative analyses based on the
reported literature.
Under the auspices of the International Stereotactic Radiosurgery Society (ISRS) Guideline Committee, we reviewed and
summarized current literature specific to SRS for CS meningioma. This aim of this review was to determine the treatment
efficacy of SRS specific to CS meningioma, and the identification
of risk factors in relation to treatment response.

The evidence quality was ranked by applying an evidence hierarchy
developed by the ISRS Guidelines Committee for various study types;
diagnostic, prognostic, therapeutic, and decision modeling. The methodology used to conduct quality evaluations of the evidence can be located
by using the following link: https://www.cns.org/guidelines/guidelineprocedures-policies/guideline-development-methodology. The classification of published reports was performed according to the scheme listed
in Table 1.

METHODS

Strength of Recommendation Rating Scheme

Article Selection
The clinical practice guideline taskforce members of the ISRS
conducted a systematic review of the literature relevant to the
management of CS meningioma. During the development process, the
panel participated in a series of committee conferences. The panel,
through an iterative process, conducted a written review.
Articles were included when they met inclusion criteria. PRISMA
guidelines were followed for the analysis (PRISMA 2009). Articles that
do not meet the following criteria are, for the purposes of this evidencebased clinical practice guideline, not considered appropriate evidence for
this systematic review.
PubMed, EMBASE, and Cochrane Library Search Terms included
(“meningioma”[Majr]) OR (“cavernous sinus”[Majr]), (meningioma∗
[Title/Abstract]) AND (cavernous sinus OR sella∗ OR parasella∗ OR
skull base∗ [Title/Abstract]), (1 or 2) and (radiosurgery[Mesh] OR radiotherapy[Mesh] OR Gamma Knife OR LINAC OR Cyberknife OR
proton) AND ((cavern∗ OR sella∗) OR sinus∗), and Limit to English
and Humans.
To be included in this research, a study had to be an investigation
that investigated human patients suspected of having a mass in the CS,
allowance for mixed indications with the caveat that they reported results
specific to the CS cohort or a cohort such that ≥50% of the sample were
CS meningioma, enrolled a minimum of 10 patients, contained patients
≥18 yr of age. Exclusion criteria included review of meeting abstracts,
historical articles, editorials, letters, commentaries, systematic reviews, or
meta-analyses. If a prospective case series, reporting of baseline values,
had to be stipulated, no case series with nonconsecutive enrollment of
patients were permitted.

Literature Review
The articles published from January 1966 to December 2014 had
been searched from 3 major databases: EMBASE, PubMed, and The

Ranking the Evidence Quality

Level I: high degree of clinical certainty (class I evidence or
overwhelming class II evidence).
Level II: clinical certainty (class II evidence or a strong consensus of
class III evidence).
Level III: clinical uncertainty (inconclusive or conflicting evidence or
opinion).

RESULTS
The Effect of SRS on a Meningioma Involving the CS
SRS is usually delivered in a single fraction, but it may be
delivered in up to 5 fractions in recent SRS models.12 In this
review, all series consisted of single-fraction SRS. Except for
cobalt-based SRS devices such as the GK (Elekta AB), there
exist on the market a number of LINAC-capable SRS modalities, for example, Varian’s Edge (Palo Alto, California), Elekta’s

Versa HD (Elekta AB), TomotherapyC Hi-ArtC (Accuray Inc,

Sunnyvale, California), the Cyberknife (Accuray Inc), and
Novalis (BrainLab, München, Germany). In addition, charged
particle SRS (eg, proton beam radiosurgery) is emerging in the
literature as a viable SRS technology.13
Since Duma’s first publication on SRS for CS meningiomas,8
several series emerged and most of them report favorable
outcomes with 5-yr progression-free survival (PFS) rates ranging
from 86% to 99%, and 10-yr PFS rate ranging from 69%
to 97%.7,14-16 Although studies with long-term follow-up are
relatively scant, 2 reports have reported 15- and 20-yr PFS rates
ranging from 87% to 92%.17,18 In a multi-institutional series
of 4565 patients with intracranial meningiomas treated with
SRS (1272 with CS meningiomas), Santacroce et al14 demonstrated 5- and 10-yr PFS rates of 95.2% and 88.6%, respectively,
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FIGURE 1. Flow diagram of search process for identifying the final number of eligible studies.
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TABLE 1. Level of Evidence
Level I evidence
Level II evidence
Level III evidence

Evidence from 1 or more well-designed, randomized controlled clinical trials, including overviews of such trials.
Evidence from 1 or more well-designed comparative clinical studies, such as nonrandomized cohort studies, case-control studies,
and other comparable studies, including less well-designed randomized controlled trials.
Evidence from case series, comparative studies with historical controls, case reports, and expert opinion, as well as significantly
flawed randomized controlled trials.

and improved tumor control for skull base tumors compared to
convexity tumors.
Two large single-institutional series have also been reported
demonstrating favorable outcomes. The first is from Pollock
et al,15 which evaluated 115 patients with CS meningiomas
demonstrating a 5- and 10-yr local tumor control rate of 99%
and 93%, respectively. The second series is from the University
of Pittsburgh, which published on 272 patients treated with
SRS, demonstrated a 5- and 10-yr PFS rate of 94% and 86%.16
Interestingly, their data also demonstrated that patients who
underwent prior microsurgical procedures were less likely to
demonstrate improvement in pre-existing cranial neuropathies,
compared to those treated with SRS alone.16
Statistically significant (P < .05) factors associated with
improved SRS local control outcomes were identified and
included higher marginal dose, small- to medium-sized tumors,
WHO grade I, upfront SRS (irradiated tumor without surgical
resection), early SRS (cranial deficits < 1 yr), female sex, younger
age, and less conformal plans (Table 2). The incidence of neurological deterioration, or development of new neurological deficits
in those series with long-term follow-up, has been relatively low.
Approximately 80% to 100% of patients preserve neurological
functions (Table 2).
The median marginal dose of single-fraction SRS ranged from
11 to 19 Gy (Table 2). Data are conflicting with earlier series
supporting a single fraction dose of >14 Gy as a significant
predictor of local control9,19 (level III evidence), while more
modern data support lower marginal doses ranging from 11 to 12
Gy6,20-22 (level III evidence). If we consider all types of meningioma in aggregate, a series from Mayo Clinic23 showing that
16 Gy delivered to the tumor margin provides long-term local
control (25 yr follow-up). Another series from Kuhn et al24
suggests that 12 Gy was the minimum sufficient margin dose
for the treatment of meningiomas. Below 12 Gy is as low as
one should consider using for meningiomas as there is probably
worsening of local control below this dose. However, these
constitute level III evidence.
Primary or Adjuvant SRS
Advancements in neuroimaging improved the diagnosis of CS
meningioma. As a result, there are increasing reports of SRS for
CS meningioma based on a magnetic resonance imaging (MRI)based diagnosis. Kano et al16 evaluated the cranial nerve outcomes
in patients who underwent SRS for CS meningiomas with or

without prior microsurgery. They observed improvement rates
specific to cranial nerve deficits after SRS of 20% at 1 yr, 34% at
2 yr, 36% at 3 yr, and 39% at 5 yr. Patients who had
not undergone prior microsurgery had significantly higher
improvement rates of pre-existing cranial nerve symptoms and
signs (P = .001), suggesting that microdissection increases the
risk of persistent cranial nerve dysfunction.16
The indications for SRS with or without prior resection vary
appreciably from center to center. However, considering the
generally benign nature of a CS meningioma and the high
tumor control rate after SRS alone, clinician treatment preference
leads to variations in treatment practices and inherent biases in
the published series detailing these treatment outcomes. In this
regard, further well-designed clinical trials would be necessary to
ascertain the treatment priority.
Radiation Tolerance of Optic Apparatus, Cranial Nerves,
and Internal Carotid Artery Abutting CS Meningiomas
The proximity of CS meningioma to the optic apparatus,
cranial nerves, and internal carotid artery (ICA) needs specific
consideration when using solitary high doses of radiation to CS
tumors.25 Although CS tumors frequently abut the optic nerve
and/or chiasm, Tishler et al26 reported that, with a dose to
the optic nerve and chiasm of 8 Gy or less, none of their 35
patients developed a radiation-related optic neuropathy. Similarly,
CS tumors typically encase adjacent cranial nerves. More recent
studies reported that marginal radiation doses of 10 to 14 Gy
(maximum doses of 20-28) were well tolerated and had a low
risk of radiation-related optic neuropathy.27-32 When prescribing
a dose to a CS meningioma, one should be mindful of the optic
apparatus and keep the radiation exposure less than 10 Gy.33 The
other cranial nerves of the CS seem to have greater tolerance for
irradiation, and the treatment volume could include the majority
of the CS.33 For tolerance of other cranial nerves within the
CS, there is no clear evidence showing the maximal radiation
tolerance. The risk of permanent radiation-induced cranial nerve
injury is rare, and the incidence is less than 1% in the most series
that we collected (Tables 2 and 3). Tishler et al26 found that a dose
up to 40 Gy seems to be tolerated when treating lesions involving
the II and IV cranial nerves. The new onset motor cranial nerve
deficits in most series accompany tumor progression and thus
are not generally occurring as a radiation-induced deficit. In the
absence of tumor growth, sensory or motor cranial nerve palsies in
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Retrospective,
Evidence class III

Retrospective,
Evidence class III

Retrospective,
Evidence class III

Retrospective,
Evidence class III
Retrospective,
Evidence class III

Correa18 , 2014

Kano16 , 2013/2012

Pollock15,23 , 2013/2012

Rong46b , 2013

Retrospective,
Evidence class III

Retrospective,
Evidence class III

Hayashi2b , 2012

Santos48 , 2011

Santacroce14a , 2012

Retrospective,
Evidence class III

Retrospective,
Evidence class III

Gallego45 , 2014

Starke47a , 2012

Retrospective,
Evidence class III

Study design
and
evidence level

Kondziolka17 ,a 2014

Author,
year

GKS: 120,
meningioma
in 19
LINAC: 88

GKS: 4565,
1272 in CS

GKS: 255, 138
in CS

GKS: 84

GKS: 115

GKS: 272

SRS: 36 SRT: 38

LINAC: 82

GKS: 290, 86 in
CS

Modality/
case no.

TABLE 2. Radiosurgery for CS Meningioma

P: 47 A: 41

N/A

N/A

P: 109
A:146

P: 26 A: 58

P: 69 A: 46

P:173 A:99

N/A

P: 47 A: 35

P: 154 A:
136

Primary/
adjuvant

14

12

14

14

15.4

16

13

SRS:14
SRT:50.454

14

15

Margin
dose (Gy)

P: 3.7 A: 5.9

N/A

4.8

5.0

25.2

9.3

7.9

SRS:6
SRT:23.6

17.96

5.5

Tumor
volume
(mL)

86.8

55

63

78

40

89

62

73

100

75

FU
(m)

90%

100%

93%

86%

81%

95%

–

–

89%

91%

Tumor
control
rate (%)

93% and 83%
(5 and 10 yr)

–

95%, 91%,
89% (5, 7.5, 10
yr)

99%, 96%,
79% (3, 5, 10 yr)

–

99% and 93%
(5 and 10 yr)

96%, 94%,
86% (at 3, 5, 10
yr)

99%, 92%,
92% (5, 10, 15
yr)

95% and 84%
(5 and 10 yr)

88% and 87%
(10 and 20 yr)

Progressivefree
survival (%)

81% (n =
71/88), 6
transient

Nil

No prior
resection,
grade I tumor,
female,
sporadic, skull
base tumors
(all P < 0.001)
95% (transient
N/A
VI nerve palsy)

N/A

N/A

83% (n =
70/83)
90% (n =
230/255)

SRS and SRT
were equally
safe and
effective
Nil

Nil

93%

Unfavorable
factors

Nil

N/A

Age > 65 y/o
(P = 0.001)
and
decreasing
dose to tumor
margin (P =
.05)
Nil

Prior resection
decrease CN
improve (14%
vs 37%)
Larger
treatment
volume
associated
with
complication
(P = .01)
N/A

N/A

Primary and Prior radiation
adjuvant
therapy (P <
treatment: no .0001), higher
difference
grade tumor
(93% vs 89%)
(P < .0001)
Nil
Nil

Favorable
factors

88% (n =
101/115)

83% (n =
68/82), 4
transient
100% (9
patient had
transient
deficits)
89% (n =
243/272)

80% (n =
188/234) 3.1%
ARE

Neurological
preservation
(%)
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Retrospective,
Evidence class III

Study design
and
evidence level

Retrospective,
Evidence class III

Retrospective,
Evidence class III

Retrospective,
Evidence class III
Retrospective,
Evidence class III

Kondziolka53a , 2008

Hasegawa5 , 2007

Zachenhofer54 , 2006
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Metellus37 , 2005

Han52 , 2008

Kimball5,1 , 2009

Retrospective,
Evidence class III
Retrospective,
Evidence class III
Retrospective,
Evidence class III

Takanashi50 , 2009

Retrospective,
Evidence class III
Spiegelmann49 , 2010/2002 Retrospective,
Evidence class III

Skeie19 , 2010

Williams10 , 2011

Author,
year

TABLE 2 – continued

GKS: 36 FRT:
38

GKS: 36

GKS: 115

GKS: 972, 308
in CS

GKS: 63, 12 in
CS

LINAC: 49

13

14

12.7

12.5

14.8

13.5

12.4

13.7

14

7.4

6.5

5.9

8.6

7

7.4

7.5

Tumor
volume
(mL)

62

48

77

50

52

67

82

84

FU
(m)

P:19 A:13 P: 16 A:24
103
Mixed:17 Mixed:20
GK: 15 FR: GK: 5.2 FR: GK: 64
P:
53
13.5
FR: 89
23GK/18FR
A:
13GK/20FR

P:11 A:25

P: 49 A: 66

P: 536 A:
424

P:43 A:20

N/A

P:19 A: 19

P: 69 A:33

LINAC: 102

GKS: 38

P:40 A:60

P: 54 A: 84

Primary/ Margin
adjuvant dose (Gy)

GKS: 100

GKS: 138

Modality/
case no.

100% and 98%
(5 and 10 yr)
90% (5 yr)

–

99%, 94%,
92% (1, 5, 10 yr)
–

95% and 69%
(5 and 10 yr)

GK: 94.4
FR: 94.7

94%

–

–

–

94% and 92%
(5 and 10 yr)

GK: 100% FR:
97.4%

Unfavorable
factors

Nil

Nil

N/A

GKS
radiosurgery
provides
better
radiological
response (P =
0.03). No
significance
between p
and a
treatment

N/A

N/A

Age > 70 y/o
is unfavorable
for a CN
improvement
Higher grade
of tumor,
larger tumor
volume, and
multiple
meningioma
Nil

N/A

Younger age New CN palsy
had better
is related to
tumor control
tumor
(P = 0.022)
increase (P <
.001)
Higher
Atypical
margin dose
tumor
Early
Nil
radiosurgery
(<1 yr CN
deficit onset)
N/A
N/A

Favorable
factors

Small to
medium-sized
tumors. No
prior
resection had
significant
post-GK
improvement
96% (n = 1/36)
N/A

89% (n =
97/109)

92%

85%

98%

100%

95% (n =
97/102)

94%

90% (n =
124/138)

Progressive- Neurological
free
preservation
survival (%)
(%)

P: 97% A: At 10 yr P: 95%
93% Gr II:
A: 91%
50% Gr III:
17%

90%

98%

96%

98%

84%

86%

Tumor
control
rate (%)
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Retrospective,
Evidence class III
Retrospective,
Evidence class III

Retrospective,
Evidence class III

Retrospective,
Evidence class III

Retrospective,
Evidence class III
Retrospective,
Evidence class III

Kreil20a , 2005

Maruyama58 , 2004

Dibiase59a , 2004

Iwai6 , 2003/2001

LINAC:56, CS
in 12

Retrospective,
Evidence class III

Retrospective,

Evidence class III

Villaviscencio62a , 2001

GKS: 138

GKS: 159

GKS:219, CS in
75

GKS: 43

GKS: 137, CS in
29

GKS: 139,
meningioma
in 57
GKS: 40

GKS:175,
meningioma
in 88
GKS: 200

GKS: 49

Modality/
case no.

Nicolato6,1 , 2002/2002

Lee7 , 2002

Flickinger60a , 2003

Retrospective,
Evidence class III

Retrospective,
Evidence class III

Liu56b , 2005

Kuo57b , 2004

Retrospective,
Evidence class III

Study design
and
evidence level

Pollock55 , 2005

Author,
year

TABLE 2 – continued

P:20 A:36

P: 68 A: 70

P:83 A:76

P:219 A:0

P:21 A:22

P: 85 A: 52

P:17 A:23

P:20 A:119

P:101 A:99

P: 85 A:90

P:49 A:0

Primary/
adjuvant

15

14.8

13

14

11

14

16

15

12

12.1

15.9

Margin
dose (Gy)

60.4

8.1

6.5

5

14.7

4.5

5.4

3.4

6.5

6.6

10.2

Tumor
volume
(mL)

26

48

35

29

50

54

47

42

95

32.5

58

FU
(m)

Progressivefree
survival (%)

95%

97%

94%

97%

91%

91.7%

–

97%

98%

–

96% (5 yr)

A: 79% at 5 yr
P: 97% at 5 yr

93% (5 and 10
yr)

92% (5 yr)

86.2 at 5 yr

94% (5 yr)

99% and 97%
(5 and 10 yr)
–

100%a (2
98%, 85%,
resections 80% (1, 3, 7 yr)
for s/s)
94%
–

Tumor
control
rate (%)

N/A

primary CS
meningiomas

75% (n =
30/40)

100%

96.5% (n =
107/111)

91% (n =
145/159)

91% (n =
39/43)
91% (5 and 10
yr)

N/A

N/A

95% (n =
191/200)
98%

N/A

N/A

N/A

Nil

Unfavorable
factors

N/A
Stereotactic
MR and low
dose tend to
have lower
rate of
sequelae
Average
Prior resection
tumor
diameter < 3
cm or volume
<15 cm3
N/A
No prior
resection had
better
neurological
recovery
N/A
N/A

tumors
compressing
the brainstem
or smaller
than 10 cm3
male patients,
Less
patients with
conformal
plans to cover a CI < 1.4, and
tumor size
the dural tail
greater than
10 cc
N/A
N/A

N/A

Nil

Favorable
factors

–

86% (n =
42/49)

Neurological
preservation
(%)
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Retrospective,
Evidence class III
Retrospective,
Evidence class III
Retrospective,
Evidence class III
Retrospective,
Evidence class III
Retrospective,
Evidence class III

Retrospective,
Evidence class III
Retrospective,

Roche8,64 , 2000

Kurita67 , 1997
GKS: 34

GKS: 18

LINAC: 24

GKS: 43

GKS: 88, CS in
32
GKS: 67

GKS: 80

GKS: 69,
meningioma
in 35

GKS: 40

Modality/
case no.

P: 6 A: 28

P:3 A: 15

–

P:17 A: 24

P:43 A:24

P: 39 A:49

P:50 A:30

P: 22 A: 47

P:12, A: 28

Primary/
adjuvant

10-20

17

17.7

13.2

12

16

14

15

18

Margin
dose (Gy)

<35mm

Diameter:
23mm
Diameter

6.8

15.4

7.8

10

5.8

4.7

4.3

Tumor
volume
(mL)

26

35

45.6

39

19

35

31

30

42

FU
(m)

Progressivefree
survival (%)

100%

–

100%

100%

100%

98%

95%

–

–

86% (5 yr)

100% (2 yr)

–

–

95% (5 yr)

93% (5 yr)

–

Margin dose 86% and 82%
>14 Gy, 0%
(3 and 10 yr)
recur, Margin
dose 10-12 Gy:
20% recur. No
SRS:100%
recur

Tumor
control
rate (%)

other 2
transient)

N/A

92% (n =
22/24), the
other 4
transient CN
deficits
94% (n =
17/18)
94% (n = 2/34,

N/A

N/A

N/A

N/A

N/A

Radiation
expose is
related to
distance
between CN2
and tumor,
not TV
N/A

margin dose
>14 Gy

Favorable
factors

100%

94% (n =
75/80)
88% (n =
78/88)
96%

100%

80% (n =
32/40; mild
transient in 7
pts)

Neurological
preservation
(%)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Histological
maliganancy and
partial treatment,
suprasellar
extension,
extension in >3
direction outside
CS,
N/A

Unfavorable
factors

A: adjuvant, CI: conformity index, CN: cranial nerve, CS: cavernous sinus, FRT: fractionated radiotherapy, GKS: Gamma Knife radiosurgery, Gy: gray, LINAC: Linear particle accelerator, N/A: not available, P: primary, pt:
patient, SRS: stereotactic radiosurgery, MR: magnetic resonance; SRT: stereotactic radiotherapy, yr: year
a
Whole meningioma group result, not only for CS meningioma.
b
Whole CS tumor group result, not only for CS meningioma.

Duma4 , 1993

Chang66 , 1998

Pendl65 , 1998

Liscak22 , 1999

Evidence class III

Retrospective,
Evidence class III

Chen63b , 2001

Marita64a , 1999

Retrospective,
Evidence class III

Study design
and
evidence level

Shin9 , 2001

Author,
year

TABLE 2 – continued
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Retrospective,
Evidence class III
Retrospective,
Evidence class III

Retrospective,
Evidence class III
Retrospective,
Evidence class III
Retrospective,
Evidence class III
Retrospective,
Evidence class III
Retrospective,
Evidence class III

Combs, 201336

Slater, 201213

Metellus, 201068

Litre69 , 2009
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Retrospective,
Evidence class III

RT: 28

RT: 31

SRT: 45

GKS: 36 FR: 38

FSRT:30

FSRT:57

FSR: 100

FCR:53

Proton: 72

FSRT: 376 IMRT:
131

SRS: 36 SRT: 38

Modality/
case no.

P:22 A:6

P:14 A:17

P:16 A:29

P:
23GK/18FR
A:
13GK/20FR

P: 29 A: 28

P: 29 A: 28

P: 74 A:26

P: 28 A: 25

P: 51 A: 21

P:238 A: 269

N/A

Primary vs
adjuvant

53.1

52

50.4

GK: 15 FR: 53

52

57.6

52.9 Gy in
29.4
fractions
45Gy

For P:57 For
A:59

57.6

SRS:14
SRT:50.4-54

Dose
(Gy)

–

–

14.5

GK: 5.2 FR:
13.5

11.3

35.2

N/A

12.6

27.6

53.4

SRS:6
SRT:23.6

Tumor
volume

96%

100%

97%

96%

–

–

Tumor
control
rate (%)

41

73

36

–

–

98%

GK: 64 FR: GK: 94.4 FR:
89
94.7

50

78

33

83

74

107

73

FU
(months)

81% (8 yr)

93% (10 yr)

97% (3 yr)

–

93% (4 yr)

–

94% (3 and 7 yr)

98% and 96% (5
and 10 yr)

98%, 95%, 94%,
88% (1yr, 3yr, 5yr,
10 yr)
90% at 5th year

99%, 92%, 92%
(5, 10, 15 yr)

Progressivefree
survival (%)

fibrosis, and
decline of
cognitive
function

Orbital sac

100%

98%

GK: 100% FR:
97.4%

96%

100%

98%
(permanent),
94% (transient)
97%

92% (68/74), 3
optic, 2
temporary ARE,
1 transient
diplopia. 3
panhypopituitarism

N/A

100% (9 patient
had transient
deficits)

Cranial nerve
preservation
(%)

Tumor control
rates are equal
with/without
surgical
resection
None

GKS
radiosurgery
provides better
radiological
response (P =
0.03). No
significance
between p and
a treatment
N/A

none

N/A

N/A

N/A

SRS and SRT
were equally
safe and
effective
benign
histology,
female
N/A

Favorable
factors

None

N/A

N/A

N/A

none

N/A

N/A

Atypical
histology cause
poor tumor
control, higher
optic radiation
dose cause
optic
neuropathy
N/A

N/A

N/A

Unfavorable
factors

A: adjuvant, CI: conformity index, CN: cranial nerve, CS: cavernous sinus, FCR: fractionated conformal radiotherapy, FRT: fractionated radiotherapy, FSRT: fractionated stereotactic radiotherapy, GKS: Gamma Knife
radiosurgery, Gy: gray, IMRT: intensity-modulated radiation therapy, LINAC: Linear particle accelerator, N/A: not available, P: primary, pt: patient, RT: radiotherapy, SRS: stereotactic radiosurgery, SRT: stereotactic
radiotherapy, yr: year

Maguire74 , 1999

Dufour , 2001

73

Selch72 , 2004

Metellus37 , 2005

Brell.71 2006/2003

Retrospective,
Evidence class III
Retrospective,
Evidence class III

Retrospective,
Evidence class III

Correa, 201418

Milker-Zabel70 , 2006/2005

Study design and
evidence level

Author,
year

TABLE 3. Fractionated Radiotherapy for CS Meningioma
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SRS-treated CS meningiomas occur very infrequently when using
contemporary dose and delivery techniques.14,17
For the ICA, the maximum tolerated dose of radiation is
controversial. Some rare case reports have described ICA stenosis
after SRS for parasellar, suprasellar, and CS lesions.34,35 However,
this clinical question lacks a large and long-term series for analysis.
In current radiosurgery practice, the high-dose radiation volume
usually includes the ICA; the risk of long-term changes in the
vessel wall of the ICA appears, anecdotally, to be a very rare
phenomenon.
Comparing SRS, Proton SRS/Radiotherapy, Fractionated
SRT, and Conventional Radiotherapy
There are no level I or II comparisons of SRS, proton
SRS or radiotherapy, SRT, or other sophisticated radiotherapy
techniques (eg, intensity-modulated radiation therapy [IMRT])
for CS meningioma (Table 3).
Non–case-matched studies18,36,37 from 3 level III studies
with tumor control rates for SRS, or SRT, or IMRT demonstrated that they were similarly safe and efficient techniques in
treatment of a CS meningioma although various methods, various
doses, various schemes of radiation, various indications, volumes,
and prior management. Metellus’ report37 showed neurological
improvement for 63% patients who underwent SRT, and for 54%
patients who underwent SRS (P > .05). Combs et al,36 in 2013,
compared the efficacy and safety between both the groups (105
CS meningiomas) who underwent either SRT or IMRT with
a median total dose of 57.6 Gy, and they found no significant
differences. Correa et al,18 in 2014, also published similar results
in both groups who underwent either SRS or SRT. However,
radiologically 29% of patients who underwent SRT, and 53%
of patients who underwent SRS, showed tumor shrinkage (P <
.04).37 The result implied that SRS offered a higher rate of tumor
shrinkage, but no significance in clinical improvement.
Based upon these limited data, high-level evidence is needed
to define the optimal radiation approach for patients with a CS
meningioma. Based upon current available evidence, SRS and
SRT confer favorable benefit to risk profiles for most patients with
CS meningioma, eligible for either therapy.

DISCUSSION
The clinical management of a patient with a CS meningioma is challenging. The fear of causing massive bleeding and
critical neurovascular structural damage has led both surgeons
and patients to proceed cautiously with attempts at resection.
SRS and SRT approaches have been proven in many retrospective studies to have a favorable therapeutic impact with a
minimal complication rate. From this systematic review, after SRS
most of the reports had favorable outcomes with 5-yr PFS rates
ranging from 86% to 99%, and 10-yr PFS rate ranging from
69% to 97%. Post-SRS neurological preservation rates ranged
from 80% to 100% (Table 2). Median margin dose selection

is dependent on the tumor volume, anatomic relationship to
the adjacent associated neurovascular structures, and physician
preference. Reported SRS doses generally varied from 11 to 19
Gy; however, the optimal single-session SRS dose for a CS meningioma is a subject of debate and requires careful selection on a case
by case basis. Fortunately, more and more modern data support
that a lower marginal dose ranging from 12 Gy is sufficient for
a benign CS meningioma.6,20-22 Furthermore, by using a lower
dose in the CS or by hypofractionating with modern SRS devices,
more tumors become eligible for radiosurgery due to limits of
optic apparatus to SRS.38,39
SRS can be delivered as either adjuvant therapy for residual
tumors after subtotal resection, at the time of progression for
residual disease observed, or as primary therapy for unresectable
tumors. Little to no substantive differences in local tumor control
or neurological outcome have been reported following SRS for
primary therapy as compared to adjuvant SRS for WHO grade
I meningioma. Many of the published clinical series aggregate
results of patients treated with upfront SRS alone, SRS of a
residual after resection (but before evidence of demonstrable
growth on serial neuroimaging), and SRS at the time of tumor
progression. In part, the ambiguity pertaining to the natural
history of CS meningiomas and the treatment preferences of
clinicians lead to variations in treatment practices and inherent
biases in the published series detailing these treatment outcomes.
Patient preference and fitness for a radiation modality will also
naturally impact the decision to proceed with a primary or
adjuvant radiation treatment.
With primary SRS for a CS meningioma, histopathologic
evaluation for unfavorable features is unavailable (eg, or
atypical/anaplastic meningioma). However, after SRS, the tumor
responses may differ compared to other CS tumors, and are
valuable in confirming the initial radiographic impression.
Figure 2 illustrates 3 different response patterns of these CS
tumors. The tumor volume of a CS meningioma after SRS is
typically quite stable, and they rarely regressed within 2 yr. If
an unpredictable tumor response is noted, we recommend to
re-examine the MRI, presentation of clinical course, and reestablishing the pathological diagnosis with biopsy, as necessary.
Currently, the optimum follow-up strategy is debated: a
median of 95% and 90% of tumors achieved a steady state
in 5 and 10 yr, respectively. It would be reasonable to observe
the tumor for the initial several years after radiosurgery, and
it provides sufficient evidence regarding its propensity to grow
and therefore the requirement for further treatment or more
radiological follow-up.40 Routine radiological follow-up could be
extended to a longer interval after the tumor has attained a steady
state and clinical follow-up with routine neurological exams and
ophthalmological assessment should be continued.
In this review, the role of hypofractionated SRS and SRT for
a CS meningioma was also explored,18,36,37 particularly those
exhibiting larger volumes or in close proximity to critical structures. For those CS meningioma patients with a larger volume
tumor, a more diffusely infiltrative one, or one with suprasellar or
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FIGURE 2. The tumor response after SRS in different CS tumors: rapid tumor regression is usually found in a CS hemangioma. A CS meningioma is stable after
SRS, and they rarely regressed with 2 to 3 yr. A radiated neuroma is usually swollen for a period of time (eg, the first 1-2 yr after SRS) and then a noticeable shrinkage
could be seen if follow-up persisted for >2 yr.

brainstem extension, SRT can be considered so as to minimize the
risk of complications and optimize tumor coverage.41 For larger
meningiomas or for ones with pre-existing edema, hypofractionated SRT may have less likelihood of causing postradiosurgical edema than single-fraction SRS for meningioma.42 Based
upon the number of publications meeting eligibility criteria for
this guidelines project, contemporary management with SRS
represents a common approach for management of small to
moderately sized CS meningiomas. In general, clinicians must
select the approach (SRS, SRT, IMRT, or proton) that permits
a highly targeted irradiation of the CS meningioma while still
achieving a dose considered tolerable to adjacent critical structures based upon radiotoxicity guidelines such as the Quantitative
Analyses of Normal Tissue Effects in the Clinic studies.43 De
Salles et al,41 in 2002, attempted to develop a grading system to
guide treatment selection, either SRS or SRT. They concluded
that a meningioma well contained in the CS, with typical radiological characteristics, may be treated successfully with SRS alone
with excellent outcomes. On the other hand, SRT may be favored
when adjuvant treatment is necessary after subtotal resection of
tumor encasing eloquent structures, where SRS is not advisable.
No matter which radiation modalities clinicians choose, effort
should be made to minimize irradiated volumes to prevent longterm complications, maximize the therapeutic efficacy to target

tissue, and lessen the burden of the procedure(s) for the patient
whenever possible.
Key Areas for Future Investigation
• The timing of SRS or SRT after prior resection warrants further
investigation.
• While SRS and radiation therapy are frequently used as an
upfront treatment for those with a CS meningioma, there is
no level I evidence report of primary SRS as a management for
a CS meningioma. Longer follow-up report for this treatment
approach is warranted.
• The role of hypofractionated SRS for a CS meningioma, particularly those exhibiting larger volumes or in close proximity to
critical structures, has been explored in limited publications.
Optimal dose and fractionation schemes particularly for SRS
of a CS meningioma should be explored.
• The neurocognitive effects of SRS and SRT in CS meningioma patients warrants further study with the use of validated
neurocognitive tests and appropriate assessment intervals.
There are little data on the neurocognitive functions after
treating neuropathology in the CS. In 1 study of SRS for
pituitary adenomas many of which resided in the CS, there
was neurocognitive preservation in the patients after SRS.44
Although it is thought that the much lower integral dose of
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TABLE 4. Recommendations for Management of CS Meningioma
Evidence level
Level III
Level III
Level III
Level III
Level III

Level III

•
•

•
•

SRS/SRT is recommended as a primary/upfront treatment option for an asymptomatic, or mildly symptomatic CS meningioma. The
recurrence rate is not appreciably different between primary or adjuvant therapy for a CS meningioma
Resection should be considered for the treatment of larger and symptomatic CS meningioma in patients both receptive to, and medically
eligible, for open surgery
SRS/SRT delivered to a CS meningioma has a low risk of complications; most cranial nerve functions are preserved or improved due to
tumor shrinkage. Carotid artery stenosis after SRS is rare.
When no residual tumor is observed, or only a small tumor lining on the dura of the CS exists postoperatively, serial neuroimaging studies
is not unreasonable. At the time of recurrence or progression of residual tumor, SRS/SRT should be considered
In patients with a CS meningioma that has rapidly and substantially recurred after prior treatment, a subtotal surgical resection or biopsy
may be considered. More aggressive features of the tumor (transformation of the tumor from WHO grade I to a higher grade) should be
ruled out. These tumors have a predilection for progression and postoperative SRS/SRT with a higher dose should be strongly considered.
The technique for SRS or SRT delivery will depend upon the tumor histology, tumor volume and proximity of the tumor to adjacent critical
structures (eg, the optic chiasm). SRS using single session marginal doses of 11 to 16 Gy offers a local tumor control rate of 90% or higher at
5 yr post-SRS.

SRS probably mitigates neurocognitive deficits as compared
to radiotherapy, more definitive studies are required to study
neurocognition in a prospective fashion in SRS-treated CS
meningioma patients.
Limits of dose to the optic apparatus also need better clarification, as it defines the approach, either single or hypofractionated SRS or SRT.
Higher quality evidence comparing SRS, SRT, IMRT, and
charged particle techniques and devices is needed to help guide
clinicians on the specific indications and limitations of each
approach for patients with a CS meningioma.
Comparisons of SRS-treated CS meningioma patients to a
control group of untreated meningioma patients.
Comparative studies are required of specific radiosurgery
and radiation therapy devices to assess for differences in
outcome. Similarly, comparative studies evaluating the effects
of proficiency and volume of a center on outcome should be
performed.

Higher levels of evidence are needed to define the optimal
treatment approach for patients with CS meningiomas. Based
upon available evidence, SRS and SRT confer favorable riskbenefit profiles than conventional radiotherapy for most patients
with a CS meningioma. Further insights may be achieved through
prospective radiosurgical registries (Table 4).
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Disclaimer

CONCLUSION
SRS plays an important role in the management of patients
with a CS meningioma. SRS is typically performed in patients
with demonstrable residual tumor or tumor recurrence after
resection. However, the upfront treatment using SRS for a CS
meningioma has gained popularity in recent years. For those
with a radiographically diagnosed CS meningioma, the postSRS tumor response can reconfirm the diagnosis of meningioma. Radiographic signs of progression in the setting of younger
patients or patients with symptoms attributable to progression
should be more strongly considered for intervention. Post-SRS
cranial nerve deterioration is rare, while improvement in cranial
nerve function is not uncommon. Longer and more meticulous
follow-up report is warranted.

These guidelines should not be considered inclusive of all methods of care or
exclusive of other methods or care reasonably directed to obtain similar results.
The physician must make the ultimate judgment depending on characteristics
and circumstances of individual patients. Adherence to this guideline will not
ensure successful treatment in every situation. The authors of this guideline and
the International Society of Stereotactic Radiosurgery assume no liability for the
information, conclusions, and recommendations contained in this report.
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COMMENTS

T

he authors present a thorough review of the use of SRS for cavernous
sinus meningiomas. SRS represents a standard treatment option
for cavernous sinus meningiomas and when appropriately used, has
significant advantages over open surgery and conventionally fractionated
radiotherapy. While the benefit of surgery is the acquisition of tumor
tissue and appropriate grading of the tumor, surgery in the cavernous
sinus has a much higher rate of morbidity than SRS. The disadvantage
of conventionally fractionated radiotherapy is the cognitive toxicity given
the higher integral doses delivered to the brain and the fact that the
hippocampus borders the lateral aspect of the cavernous sinus. Future
questions to be explored include the indications and dose limitations for
hypofractionation and the long-term efficacy of SRS when lower doses
(eg 12–14 Gy to the tumor margin) are used.
Michael Chan
Winston-Salem, North Carolina

T

he International Stereotactic Radiosurgery Society was founded in
1995 in order to increase the dialog related to the then still emerging
field of radiosurgery. Since that time multidisciplinary meetings and even
a journal have emerged to further analyze the role, indications, and results
of radiosurgery using a variety of platforms to perform the procedure. In
general, such dialog is beneficial to current and future users and can avoid
recreating the same issues or trying to resolve the same problems that have
been addressed in prior years of meetings and publications.
The present report summarizes publications related to the
management of cavernous sinus meningiomas using stereotactic
radiosurgery. I think it is reasonable to restate what we have learned
over the years for this mostly benign histology tumor that develops in a
location that is not curable by microsurgical or endoscopic techniques.
1. Most are grade 1
2. Stereotactic Radiosurgery is associated with long-term tumor
control (10-20 years) in >85% of patients.
3. Prior partial surgical removal often results in increased cranial nerve
deficits that do not recover in most patients.
4. Tumor control can be achieved in such patients if the tumor margin
dose is 12 Gy or greater.
5. Patients treated primarily (no prior surgery) have a greater chance
(perhaps 40%) of improved cranial nerve function. In contrast, prior
surgery reduces by half the chance of cranial nerve recovery. Motor cranial
nerves have a low risk of worsening unless tumor growth occurs despite
radiosurgery
6. The structure at risk is the optic nerve and efforts to keep the optic
apparatus average dose <8 Gy with a maximal dose within the optic
system of less than 10 provides safety.

14 | VOLUME 0 | NUMBER 0 | 2018

Downloaded from https://academic.oup.com/neurosurgery/advance-article-abstract/doi/10.1093/neuros/nyy009/4938063
by University of Toronto user
on 29 March 2018

www.neurosurgery-online.com

SRS FOR CAVERNOUS SINUS MENINGIOMA: ISRS PRACTICE GUIDELINE

7. Most outcomes, including those with the longest follow-up have
been reported after radiosurgery using the Gamma knife (Elekta AB).
All technologies are not the same and neither doctors, patients, or
insurance companies should assume that LINAC, Gamma knife, and
Proton centers have equivalent risks or results. It is also likely that results
reflect centers of experience, which are more likely to publish their results.
8. The risk of carotid closure is low even if the tumor envelops the
artery. In the rare events where it occurs, collateral flow development
during this slow process largely eliminates the risk of a delayed ischemic
event.
9. Twenty years have been spent accumulating data related to single
radiosurgery sessions including tumor response and cranial nerve effects.
There is no compelling reason to revert to fractionated or hypofractionated radiation therapy using guidance technologies to improve the
results. It would take a randomized prospective trial with likely 400
patients in each arm followed for 20 years to show benefit.
10. Level 1 Data is the goal of insurance companies and is used to
deny care not to provide it. We cannot seek to obtain or even care
about gathering Level I data for such rare and difficult tumors. It is Fake
News.

11. Neurosurgeons who ignore their role in the treatment of such
tumors do so at the risk that other fields will gladly pick up the torch.
Ask any cardiac surgeon what happened to their field.
L. Dade Lunsford
Pittsburgh, Pennsylvania

T

here had been a lack of evidence-based guidelines to guide safe and
effective practice of stereotactic radiosurgery (SRS) for World Health
Organization (WHO) grade 1 cavernous sinus meningioma. The International Stereotactic Radiosurgery Society (ISRS) has put together a very
comprehensive systematic review of the literature and has formulated this
practice guideline. The inclusion of illustrations of post-SRS response for
cavernous sinus tumors of different histology has further enhanced the
usefulness of this guideline, which will be invaluable to neurosurgeons
and radiation oncologists performing SRS for meningiomas. The efforts
of the authors of this ISRS guideline are commendable.
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